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157] ABSTRACT

In order to provide a sufficient isolation between the
resonators of a band-stop filter, prior art band-stop fil-
ters must be manufactured from separate ceramic reso-
nator blocks. According to the invention the band-stop
filter can be manufactured in a single ceramic block (1),
having on one side surface strip-like areas (14; 15) of
electrically conducting material extending perpendicu-
larly from the bottom edge to the top edge and being
located in the area between the resonators (A and B, B
and C) and having dimensions selected so that they
substantially cancel the electric and magnetic field be-
tween the resonators. If necessary, the coupling be-
tween the resonators can be adjusted by changing the
width of the strip-like areas (14; 15) or by providing

them with discontinuities.

14 Claims, 2 Drawing Sheets
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1
CERAMIC BAND-STOP FILTER

CROSS REFERENCE TO COPENDING
APPLICATIONS

This application is a continuation-in-part of Ser. No.
07/532,018 filed Jun. 1, 1990, now U.S. Pat. No.

5,103,197 .
BACKGROUND OF THE INVENTION

This invention relates to a dielectric band-stop filter
comprising two or more transmission line resonators of
the coaxial type. .

It is known that a ceramic resonator comprises a basic
structure, where a hole is made in a ceramic block of a
material with a high dielectric constant, e.g. titanate, the
block having side surfaces, a top surface and a bottom
surface, and the hole extending from the top surface to
the bottom surface. The surfaces of the block are
coated, except for the top surface, with an electrically
conducting material. Circuit patterns are applied to the
top surface, the circuits capacitively coupling a signal to
the resonator and outputting the signal. The structure
forms a transmission line resonator whose resonance
frequency is determined by the length of the hole, 1.e. by
the thickness of the block. Usually the length of the hole
is dimensioned so that a transmission line resonator of a
quarter-wave length is obtained. When several holes are
made in the block it is possible to realize a band-pass
filter with several nodes, but the number of zeroes is
limited to one, because it is difficult to isolate from the

other resonators a resonator corresponding to a zero.
Thus band-stop filters realized in ceramic technology
became commercially available only recently. It 1s char-
acteristic to all these known band-stop filters, that the

filter is composed of separate resonators or of the basic

structures described in the introduction, where a ce-
ramic block contains a hole and where the block at least
on the side and bottom surfaces is coated with conduct-
ing material. A desired number of these coated separate
reasonator blocks are arranged in a row, whereby a
band-stop filter is obtained with a desired bandwidth
and center frequency. In a sense each resonator block
forms a draining circuit, and these draining circuits are
then coupled in a series through inductive or reactive
circuits, connecting the upper ends of the resonators
using e.g. a separate transmission line length. It 1s neces-
sary to use separate resonators coated on the outside,
because otherwise the mutual inductive and capacitive
leaks between the resonators are difficult to control, 1.e.
in order to obtain sufficient isolation between the reso-
nators. The isolation between the separate resonators 1s
formed with the same coating, which forms an effective
partition between the blocks.

A disadvantage of a band-stop filter assembled of
separate resonators is that a filter made of many blocks
requires a high production capacity, because every
block is separately sintered and coated, and the blocks
are electrically individually connected to each other,
usually by soldering the connecting wires by hand.
Further the separate blocks must be fastened to some
mounting support in'a mechanically reliable way.

In principle it would be possible to make a band-stop
filter comprising several resonators in a single ceramic
block. Then the distance between the resonator holes
“must be made very large, resulting in a very bulky filter.

10

15

20

25

30

35

435

50

35

65

2

This would increase material costs, and a big size is also
otherwise inconvenient in portable radio equipment.
U.S. Pat. No. 4,823,098, Motorola, describes a mono-
lithic ceramic filter with band-stop characteristics. The
filter comprises 7 resonators located in the same ce-
ramic block, of which three operate as a band-stop filter
and the other as a band-pass filter. The resonators in the
band-stop section are interconnected via quarter-wave
transmission lines. The transmission lines invert the

impedance of the resonators, so that the resonators
generate zeroes in the filter. It is stated in the publica-
tion, that by sawing it is possible to separate said three
filters from the block and to coat the new side wall
obtained in the cutting with conducting material,
whereby the obtained filter operates as an independent
band-stop filter with several zeroes. It is not mentioned
in the publication what influence the inductive coupling
between the resonators, effected through the ceramics,
has on the filter characteristic, but it seems probable
that mutual coupling between the resonators makes it

difficult to control the characteristics.

The Finnish patent applications FI-892855 and FI-
892856, applicant LK-Products Oy, describe band-pass
filters realized in a single ceramic block, where the basis
of the inventive idea is that one side surface of the filter
is substantially uncoated and that strip conductor pat-
terns are applied on this side surface for connections to
the transmission line resonators. When the circuit pat-
terns are made on the side surface of the body, the filter
input and output and the connections between the reso-
nators can be made in a desired way, either purely ca-
pacitive or inductive, or as a combination of these.

SUMMARY OF THE INVENTION

The objective of this invention is to provide a band-
stop filter which is realized in a single ceramic block
containing several resonators, and where the mutual
influence of the electric and magnetic fields between the
resonators can be avoided without resorting to individ-
ual resonator blocks according to prior art. The inven-
tion is based on the development of the resonator cir-
cuits in the above mentioned Fl-applications.

Unexpectedly it was found that by making in a suit-
able way a conducting area, a coating, between the
resonator circuits on the uncoated side surface of the
filter block, the electric and magnetic coupling between
the resonators can be adjusted close to zero. When this
conducting area is made in the form of a strip extending
from the ceramic block bottom surface, where it is In
contact with the conducting coating of the block, up to
the upper surface of the side, an almost perfect electric
and magnetic isolation is obtained between the resona-
tors. The conducting areas according to the invention
provide in a sense an electric *partition” between the
resonators. If it is desired to make an “opening” in the
partition, by which opening a coupling can be provided
between the resonators, this can be made so that the
conducting area is shortened or narrowed, or both.
Depending on whether the shortening is made at the
open end or at the short circuited end of the resonator,
this will have an effect on either the capacitive or on the
inductive coupling. When the conducting area is nar-
rowed in the direction of the resonator it is possible to
influence the strength of the coupling between the reso-
nators. The individual resonators are mutually coupled
through an inductive and/or a reactive coupling. Then
it is possible to use the same principle as in the FI-
applications 892856 and 892855, 1e. to use a circuit
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pattern located on the side of the filter and made with a
mask. It 1s also possible to connect separate compo-
nents, such as block capacitors and inductance wires to
the circuit patterns. If the height of the the conducting
area extends over the whole side wall, the connection 5
from a resonator to the next resonator is made with an
inductive wire, which jumps over the conducting area.
Finally this whole side may be covered with a conduct-
ing cover.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated with reference to the
enclosed figures, in which:

FIG. 1 shows a band-stop filter comprising three
resonators, 15
FIG. 2 shows in a simplified view the filter of FIG. 1,

where the conducting areas have been modified, and

FIG. 3 shows the attenuation curve of the resonator
in FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The band-stop filter 1 according to the invention
comprises three transmission line resonators A, B and
C. A bar-like block of ceramic material is provided with 25
holes 2;, 22 and 23 extending from the top surface 3 to
the bottom surface of the block. The holes, the bottom
surface, the ends, and one side of the block are coated
with conducting material, e.g. with a silver-copper
compound. The top surface 3 can also be coated, except 30
for a narrow annular area around the upper edge of the
holes 2;, 2; and 23 . A circuit pattern 5 is applied with
the aid of 2 mask on the uncoated side 4 of the block, the
pattern circumventing as a strip also the edges of the
side. With the mask also contact spots 9, 10 and 11 are 35
applied to the side of each resonator. Conducting areas
14 and 15 according to the invention, located between
the resonators, are made with the same mask, the areas
extending from the block bottom edge, where they join
the strip extending along the bottom edge of the side 4, 40
to the top edge of the block, where they join the strip
extending along the top edge of the block. The circuit
pattern formed with the mask is shown with slanted
lines in the figure. The end surface of the block, being
one of the coated surfaces, is also shown with slanted 45
lines. To the circuit pattern formed with the mask are
connected the required components and wires for the
connection of signals to the filter, for interconnection of
the resonators, and for outputting the signal from the
filter. The high frequency signal is input with wire IN 50
to the connection spot 9 at the middle of resonator A. A
block capacitor 6 is connected between this spot and the
conducting strip at the bottom edge of the side. The
signal is directed from resonator A via the connecting
wire 12 to the second resonator B to the connection 55
spot 10, which is also connected to the strip at the bot-
tom edge of the side through a block capacitor 7. The
connecting wire 12 represents a defined inductance. In
a corresponding way the resonator B 1s connected to
the resonator C with a wire 13 representing an induc- 60
tance, and the connection spot 11 in connected to the
strip at the bottom edge of the side through a block
capacitor 8. The signal is then outputted from the spot
11 and out from the filter 1 along the conductor OUT.
In order to have the circuit operating as a band-stop 65
filter there must be no coupling through the dielectric
material between resonators A, B and C, but the cou-
pling must be effected only through the connecting
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wires 12 and 13. This is possible only in that the con-
ducting areas 14 and 15 are located between the resona-
tors in the way shown in the figure. It has been found
that the dimensions of the conducting areas can cause
the inductive and capacitive coupling between the reso-
nators to be almost completely canceled, whereby there
is formed an almost ideal electric *‘partition” between
the resonators. This enables the circuit to operate as a
band-stop filter having a defined stop-band. The band-
width and the center frequency are determined by the
circuit pattern made with the mask, and by the concen-
trated inductances and capacitances, so that it is possible
to obtain a desired band-stop filter by varying these.
When the circuit pattern has been applied and the com-
ponents fastened, the side of the block is covered with a
metallic protecting cover, so that a small gap is left
between the cover and the side surface.

For some purposes it may be necessary to decrease
the isolation between the resonators. Then coupling
may be provided between the resonators in a controlled
way according to FIG. 2. In this figure the same refer-
ence numerals are used as in FIG. 1, but for simplicity
the individual coupling means are omitted. The cou-
pling between the resonators can be increased in that
the conducting area between the resonators is short-
ened, as is made in the area 14 between the resonators A
and B, or the conducting area is narrowed, as 1s made in
the area 15 between the resonators B and C. It 1s also
possible to use a combination of these. Depending on
which end of the conducting area is shortened, this will
have a different effect on the nature of the coupling
between the resonators. Areas 14 and 15 are on one side
surface of the filter. Area 14 is between resonators A
and B and area 15 is between resonators B and C 1n the
sense of being between locations on the one side surface
which coincide with projections of the resonator holes
on the one side surface.

FIG. 3 shows the actual measured attenuation curve
for a band-stop filter manufactured according to the
invention in a single ceramic block. The realized filter 1s
particularly intended to attenuate the frequency band
890-915 MHz, which is the transmission bandwidth of
the GSM mobile phone system, the filter being suited
e.g. for use in the receiving branch in connection with
the antenna filter. The curve I, being an attenuation
curve, shows that the attenuation is high, more than 40
dB between the markers 1 and 2 constituting said fre-
quency band, and thereafter the attenuation rapidly
approaches zero. This is advantageous in that the trans-
mitter frequency will not reach the receiver. The curve
I1 shows the matching of the filter.

When a conducting area according to the invention 1S
used between the resonators, an *“electrical partition™ 1s
obtained between the resonators. This entails many
advantages. It is not necessary to assemble the band-
stop filter from separate coated resonator blocks, but a
single ceramic body may be used. This saves both pro-
cessing steps and material. Because necessary circuits
are made with a mask on the side of the ceramic body,
the same body can be used for the manufacture of a
band-stop filter and a band-pass filter, the band-pass
filter being designed e.g. according to the Finnish pa-
tent applications FI-892855 and FI1-892856. The charac-
teristics of the band-stop filter are easily varied by
changing the mask and component values.

We claim:

1. A band-stop filter, comprising;
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a plurality of resonators, each of the resonators being
composed of a portion of dielectric material having
top, bottom and at least two side surfaces with a
respective hole extending from said top surface to
said bottom surface, the portion of dielectric mate-

rial for each resonator being adjacent each other

along dividing lines, the top, bottom and at least a
first side surface being generally covered with an
electrically conducting material, a second side sur-
face being at most partially covered with electri-
cally conductive material; and

conductive strip means for substantially cancelling
out electric and magnetic fields between said reso-
nators, said conductive strip means including at
least one conductive strip located at a respective
one of the dividing lines on the second side surface
and extending generally straightly between the
conductive material on the top and bottom sur-
faces, said conductive strip being elongated in a
direction parallel to a direction of elongation of the
resonator hole.

2. A filter according to claim 1 characterized in that
said at least one conductive strip is discontinuous,
whereby the length of the discontinuity affects the cou-
pling between adjacent resonators.

3. A filter according to claim 1, characterized in that
said at least one conductive strip is narrower in width
than necessary to cancel the electric and magnetic field
between the resonators, whereby the width of the con-
ductive strip affects the coupling between adjacent
resonators.

4. A filter as in claim 1, wherein said portions of said
dielectric material are parts of a single ceramic block.

5. A filter as in claim 1, further including filter circuit
patterns and connecting means for connecting a signal
to the filter circuit patterns and for coupling said signal
to said resonators and for outputting a signal from the
filter circuit patterns. |

6. A filter according to claim 5, characterized 1n that
the connecting means, the circuit patterns and the con-
ductive strip means are located on the same side surface.

7. A filter as in claim 6, wherein the filter circuit
patterns include isolated spots of conductive material
on the same side surface, said isolated spots each being
aligned generally with the mid point of the hole of an
associated one of the resonators, the circuit patterns also
including surrounding conductive material located
around the edges of the same side surface on which 1s
located the conductive strip means, and capacitive €le-
ments connecting the spots and the surrounding con-
ductive material. |

8. A filter as in claim 7, wherein the connecting means
include inductive elements connecting the spots, an
input lead connected to one of the spots of an associated
one of the resonators and an output lead connected to
another of the spots associated with another of the reso-
nators.

9. A ceramic band-stop filter, comprising;

a plurality of resonators each composed of a portion
of dielectric material having top, bottom and at
least two side surfaces with a respective hole ex-
tending from said top surface to said bottom sur-
face, said top, bottom and at least a first of the side
surfaces being at least partly covered with an elec-
trically conducting material, a second of said side
surfaces being at most partially covered with elec-
trically conductive material and which has elon-
gated top and bottom edges; and
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conductive strip means for affecting coupling be-
tween adjacent ones of said resonators, said second
side surface having respective locations which
coincide with projections of said holes onto said
second side surface, said conductive strip means
being located between and spaced from said re-
spective locations, said conductive strip means
including at least one conductive strip extending
generally straightly from the top edge to the bot-
tom edge of said second side surface and which 1s
elongated in a direction perpendicular to a direc-
tion of elongation of said top and bottom edges,
said conductive strip means having a discontinuity
whose length affects the coupling between said
adjacent resonators.

10. A filter as in claim 9, wherein said plurality of
resonators comprise a single ceramic block element
having filter circuit patterns and connecting means for
connecting a signal to the filter circuit patterns, for

coupling said signal to said resonators, and for output-

ting a signal from the filter circuit patterns.

11. A ceramic band-stop filter, comprising;

a plurality of resonators each composed of a portion
of dielectric material having top, bottom and at
least two side surfaces with a respective hole, ex-
tending from said top surface to said bottom sur-
face, said top, bottom and at least a first of the side
surfaces being at least partly covered with an elec-
trically conducting material, a second of said side
surfaces being at most partially covered with elec-
trically conductive material and which has elon-
gated top and bottom edges; and

conductive strip means for affecting coupling be-
tween adjacent ones of said resonators, said second
side surface having respective locations which
coincide with projections of said holes onto said

second side surface, said conductive strip means
being arranged spaced from and between said re-
spective locations, said conductive strip means
including at least one conductive strip extending
generally straightly from the top edge to the bot-
tom edge and which is elongated in a direction
perpendicular to a direction of elongation of said
top and bottom edges, said conductive strip means
including a conductive strip that has a width which
affects the coupling between said adjacent resona-
tors and being narrower than that necessary for
cancelling an electric and magnetic field between
said adjacent resonators.

12. A filter as in claim 11, wherein said plurality of
resonators comprise a single ceramic block element
having filter circuit patterns and connecting means for
connecting a signal to the filter circuit patterns, for
coupling said signal to said resonators, and for output-
ting a signal from the filter circuit patterns.

13. A ceramic band-stop filter, comprising;

a plurality of resonators each composed of a portion
of dielectric material having top, bottom and at
least two side surfaces with a respective hole ex-
tending from said top surface to said bottom sur-
face, said top, bottom and at least a first of the side
surfaces being at least partly covered with an elec-

~ trically conducting material, a second of said side
surfaces being at most partially covered with elec-
trically conductive material and which has elon-
gated top and bottom edges; and

conductive strip means for substantially cancelling
out electric and magnetic fields between said reso-
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nators, said second side surface having respective
locations which coincide with projections of said
holes onto said second side surface, said conductive
strip means being located between and spaced from
said respective locations, said conductive strip
means including at least one conductive strip ex-
tending generally straightly from the top edge to
the bottom edge of said second side surface and
‘which is elongated in a direction perpendicular to a
direction of elongation of said top and bottom
edges, said conductive strip means having a discon-
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tinuity whose length affects the coupling between
said adjacent resonators elongation of said top and
bottom edges.

14. A filter as in claim 13, wherein said plurality of
resonators comprise a single ceramic block element
having filter circuit patterns and connecting means for
connecting a signal to the filter circuit patterns, for
coupling said signal to said resonators, and for output-

ting a signal from the filter circuit patterns.
% * x x ¥ |
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